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Nowadays, unmanned underwater vehicle (UUV) is created to reduce human intervention in deep-water 
application. UUV can help human to make an underwater application that commonly used in deep water 
industries. During operation, the UUV undergoes a complex multi-axis motion trajectories that are highly 
nonlinear because the subsystems in the UUV are ill-defined and strongly coupled to each other. The 
conventional controller such as Proportional, Integral and Derivative (PID) and Proportional and Derivative 
(PD) have a problem to control nonlinear operation. The conventional controller hardly to achieve zero 
overshoot. Implementation of the controller on the UUV using Fuzzy Logic Controller (FLC) itself poses 
its own level of complexity.  Consequently, implementation of FLC also requires fast and high-performance 
processors.   The objectives of this paper are to study the effect of the tuning membership function to 
improved performances of the FLC for depth control using actual underwater Remotely Operated Vehicle 
(ROV) based on VideoRay ROV Pro III as well as to analyze performance of system response of depth 
control in terms of zero overshoot, faster rise time and small steady state error. Then, the proposed 
approach is verified using hardware interfacing between MATLAB/Simulink and Microbox 2000/2000C. 
The result shows FLC gives rather best performance in term of faster rise time, zero overshoot and small 
steady state error as compared with conventional controllers. 
Keywords: Fuzzy Logic Controller; Depth Control; Remotely operated Vehicle; Tuning Membership Function 
 
1. INTRODUCTION  
 
Underwater Remotely Operated Vehicle (ROV) 
commonly used in deep water industries which is 
involved in oil and gas activities. ROVs are widely 
used in offshore construction, military and 
scientific community. The ROV is used to replace 
the manned rescue system in military and helps 
scientist in a research on underwater knowledge, 
deep sea animal and plants. The project focuses on 
designing the Fuzzy Logic Controller (FLC) in 
order to improve the transient response such as 
minimum overshoot, faster rise time, small steady 
state error for depth control of the ROV. The main 
objectives of this project to improve the 
performances of the FLC for depth control because 
the ROVs is widely used in several underwater 
applications. ROV also can be used to explore 
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science or natural environment at the seabed. Paper 
[1] mentioned about impacts of using ROV which 
is the two hundred ninety individuals completed the 
questionnaire in 2005. Mysterious tragedy for 
MH370 also used the ROV in searching black box 
in a seabed of the Southern Indian Ocean. The 
ROV can firm, scan and crucially pick up things 
from the seabed as shown in Figure 1. Another 
example is Remora which can function 6000 
metres which is used in salvage AF447 and other 
crashed planes [2].  
 
The important thing in the ROV is the control 
system. However, the scope of this project is only 
concerned with the dynamics in the vertical motion 
considered in the depth control approach.  In order 
to enhance a better control design for depth control, 
the analysis from FLC is introduced in this paper. 
 
 
Figure 1: ROV Helps Missing MH370 [2] 
 
There are many problems happen with the ROV 
that related to control system discussed in [3-5]. 
The control system of an ROV is an interesting and 
challenging problem. This is primarily due to the 
difficult and unpredictable environmental 
conditions that exist underwater [6].  During 
operation, the ROV undergoes a complex multi-
axis motion trajectories that are highly nonlinear 
because the subsystems in the ROV are ill-defined 
and strongly coupled with one another [7].  
Furthermore, the ROV dynamics perturbed 
considerably by the surrounding conditions and 
external disturbances (e.g. wind velocity, ocean 
currents and waves) [8].  
 
The conventional controller such as PD also has 
a problem with depth control of the ROV. The PD 
controller is not suitable for nonlinear operation of 
depth control. Also, the conventional PID 
controller also hardly to achieve zero overshoot in 
system response of depth control [8]. For vertical 
trajectory, overshoot in the system response will be 
one of the factors to be measured because 
overshoot is particularly dangerous in the ROV 
vertical trajectory and may cause damage to both 
the ROV and the inspected structure (e.g. operating 
in cluttered environments). Thus, an intelligent 
control such as FLC is needed in order to improve 
performances of the system. In this approach, a 
shifting membership function in the input 
membership function of FLC will be used to 
analyze the effect of system response of depth 
control. The results show a simple contribution to 
this field of study. 
 
To reach main result and objective, the 
prototype ROV based on actual ROV VideoRay 
Pro III was built. The prototype of the ROV is built 
by following parameters of thruster configuration 
of ROV VideoRay Pro III (2 horizontal thruster 
and 1 vertical thruster). The dimension of 
prototypes built up by referring to VideoRay Pro 3s 
(30.5 x 22.5 x 21cm). Since this project related 
with depth control, the movement of ROV covered 
a vertical movement. The depth of ROV while 
doing an experiment is set less than 5m only. This 
project was carried out under the assumption of 
zero disturbance (controlled environment). This 
project were interfacing with Microbox 
2000/2000C for the real time experiment.  
 
2. LITERATURE REVIEW 
According to Aras et al. [9], system 
identification is used in developing the model of 
the ROV for depth control. The system 
identification concept is a process of obtaining 
model based on a set of data that collected from 
open loop experiments. Firstly, the ROV is tested 
in open loop condition in order to get input and 
output signal value which is using 5m as a set point 
for depth control. The recorded value from input 
and output was analyzed to infer a model as shown 
in Figure 2. Then, system identification toolbox in 
MATLAB will be applied to generate models of 
the ROV. This research also compares the 
mathematical modelling and system identification. 
The result shows a mathematical modelling better 
than system identification as shown in Figure 3. 
However, system identification more towards in 
term of real time applications which is included 
environmental disturbances in lab tank test or in a 
swimming pool [9].  
 
According to M.S.M Aras [10], the 
investigation of linear approximation control 
surface method for tuning single input fuzzy logic 
controller (SIFLC) is focused on the slope of linear 
equations as shown in Figure 3. Firstly, the 
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optimum operating conditions are determined in 
order to generalize the output equation of linear 
surface. The derivation of output equations of 
linear surface, it shows that the control surface 
shape is determined by the peak location of the 
input and output of membership functions. Lastly, 
examples of different linear approximation and its 
original relationship to FLC will be described. In 
this journal, the best slope of linear equations is 0.5 
as shown in Figure 5 where gives better 
performances than others. If the slope bigger, the 
response of system is not good and chattering 
happen. In depth control, the chattering must be 




Figure 2: Experiment Results Testing Open Loop System 
For ROV [2] 
 
 
Figure 3: Comparison Between Mathematical Models 
With System Identification Model [9] 
 
 
Figure 4: The System Response Of ROV System Based 
On Linear Equation [10] 
 
Figure 5: Slope Of 0.5 Linear Equation [10] 
 
Table 1: Comparison Between Conventional Controller 




For the first phase, the literature review 
regarding existing method control system for depth 
control of the ROV as shown in Table 1. Next, the 
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simulation process to analyze performance of 
system response for depth control by using 
MATLAB/ Simulink. Then, the prototype of 
VideoRay Pro III was built, so that the analysis 
system response in real time with Microbox 
2000/2000C were covered. The effect of system 
response by shifting output membership function of 



























Figure 6: Flow Chart Of Methodology 
 
The Prototype (VideoRay Pro III Underwater 
Vehicle) 
 
The prototype based on VideoRay Pro III 
underwater vehicle are used in this project. 
VideoRay Pro III is a small inspection class 
personal as shown in Figure 7. The vehicle has 
three control thrusters, one for vertical movement 
and two for horizontal movement. It is designed for 
depth control of 152 meters deep. The vehicle 
includes sensor, front and rear facing camera, depth 
gauge and heading meter. Mapping thruster based 
on this underwater vehicle will be implemented in 
this project, as shown in Figure 8 (a) and 8 (b). 
 
 
Figure 7: Videoray Pro III Underwater Vehicle 
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Mathematical Modelling  
 
For mathematical modelling, all parameters are 
based on properties and the coefficients of ROV 
VideoRay Pro III data on [11-13] into a matrix 
using Newton-Euler motion equation. The 
generated equation will import to workspace in 
MATLAB. Then, the mathematical modelling of 
ROV will be controlled using conventional PID 
controller. Mathematical modelling is derived from 
the Newton-Euler motion equation 1 [14-15]. 
 
                                  
(1) 
 
The mathematical modelling was derived as shown 
equation (2 – 5). The value of a matrix based on 
properties and coefficient of VideoRay Pro III [11]. 
The mass, m= 43kg follows a mass of VideoRay 
Pro III. The value of -16.24 implies that the vehicle 
has residual buoyancy. The residual buoyancy 
equates to 4% of the vehicle’s weight. 
      (2) 
 
      (3) 
 
  (4) 
 
                                                 (5) 
 
 
Figure 9: Simulation Of ROV Modelling 
 
Figure 10: Subsystem Of The Mathematical Modelling 
Of The ROV 
 
Fuzzy Logic Controller using MATLAB/ Simulink 
 
MATLAB software are used to create an FLC 
based on fuzzy logic toolbox as shown in Figure 
11. The rules editor used to construct a rule 
statement of the fuzzy logic as shown in Table 2. 
Figure 13 shows the rule viewer of rules and Figure 
14 shows the surface of rules in 3D.  In order to 
design a closed loop FLC, the pressure sensor 
experiment needs to be performed and able to 
obtain real-time data. The data obtained will be 
evaluated by the system identification toolbox. 
Then, system identification are used to infer a 
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model. Model obtained then implemented in 
closed-loop FLC system as shown in Figure 15. 
 
 
Figure 11: Fis Editor 
 
 
Figure 12: Input 1 Membership Function 
 
Table 2: Rule table for fuzzy logic 
   IP 1 
IP 2 
N Z P 
N N Z P 
Z N Z P 
P N Z P 
 
 
Figure 13: Rules Viewer Of Fuzzy Logic Controller 
 
 
Figure 14: Rules Surface Of Fuzzy Logic Controller 
 
Figure 15: Simulation Real-Time Of Fuzzy Logic 
Controller 
 
A Real-Time Simulation System using Microbox 
2000/2000c 
After the experiment, the several data were 
analyzed by system identification technique. The 
best data was chosen to use to infer a model of the 
ROV. Then, implemented in MATLAB/Simulink 
to study the performance of system response using 
PID and fuzzy logic controller. The experiment 
was set up using Microbox 2000/2000c, prototype 
(based on VideoRay Pro III), pressure sensor 
circuit, mini compressor, and multimeter. 
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4. RESULTS AND DISCUSSION 
Table 3 shows the output performance in terms of 
rise time, settling time, overshoot and steady state 
error for the mathematical modelling approach. The 
result shows no overshoot, faster rise time, and 
small steady state error achieved. The output 
response of mathematical modelling based on 
VideoRay Pro III as shown in Figure 17. Since the 
roll, pitch and sway were considered negligible; 
then, the MRB can be simplified to a good 
approximation Equation (2) –(5) which further 
simplified to Equation (6) – (9). 
 





  (8) 
 








Table 3: Output Response Of Mathematical Modelling 
 
 















Output response of mathematical modelling
 
Figure 17: Graph Output Response Of Mathematical 
Modelling 
 
Table 4 shows the system performance of real 
time data in term of rise time, settling time, 
overshoot and steady state error. Several real time 
data were tested and verified by using system 
identification. In Table 4, a data 11 shows the best 
performance in terms on no overshoot, faster rise 
time, settling time and small steady state error 
value. The transfer function of data 11 was chosen 
as model for PID and fuzzy logic controller. 
Table 5 shows an output response of real-time 
simulation PID controller before tuning process. 
The result of the rise time, settling time, overshoot 
and steady state error become increase than real-
time open loop simulation result. The automatic 
tuning process was applied to the simulation 
system in order to get a better performance. Table 6 
shows a result after 4 times applied tuning process. 
When times of tuning process are increased, the 
percentage of overshoot display a better value, but 
the rise time and settling time shows an increment 
value while steady state error remains the same. 
Table 7 shows the simulation result of automatic 
tuning PID parameter. 
 
Effect of membership function for real-time Fuzzy 
Logic Controller 
 
Table 8 shows the result of change range of 
input 1 of fuzzy logic. The result shows when 
range input 1 was increased, the output response 
display unchanged condition (not applicable). 











2.1407 5.5639 0 0 
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of fuzzy logic while the range input 1 set of 0-10. 
The output response displays unchanged condition 
same as the output response in Table 8. Table 10 
shows the output response of fuzzy logic 
simulation by changing range of output. The 
condition of output response change when output 
ranges from 0-14. In this range the fastest rise time, 
and small steady state error able to obtain while 
zero overshoot condition was not achieved. When 
the range change to 0-13.91, the zero overshoot 
condition able to achieve while rise time and 
settling time value was increased. The steady state 
error value remains same. 
 
Based on result in Table 10, changing the range 
of the output membership function of FLC will 
affect the output response. The input 1 and input 2 
range value were not affected the performance of 
the fuzzy logic controller system. The experiment 
continues by shifting membership function of fuzzy 
logic to increase the output performance. Table 11 
shows the output performance in terms of average 
rise time and settling time. In Table 11, the input 1 
was shifted to the center, left and right. The faster 
average rise time and settling time indicate the 
better performance. The shifting input 1 to the 
‘center’ display the better value than ‘left’ and 
‘right’. Table 12 shows the output response 
(overshoot and steady state error) by shifting input 
1 in three conditions. Output response displays the 
same value although, in different shifting 
condition. 
 
The summary of average output performance 
for input 1 was tabulated in Table 13. The change 
of each performance was calculated in order to 
evaluate the best shifting membership function. 
The ‘center’ condition shows the same 
performance. The ‘left’ condition displays 
decreased performance in terms of rise time and 
settling time. The ‘right’ condition remains the 
same performance except settling time shows a 
decreasing performance. In Table 14, the shifting 
membership function input 1 on ‘center condition’ 
shows the better performance than other condition. 
Average output performance of rise time and 
settling by shifting membership function input 2 as 
shown in Table 15. The best rise time and settling 
time when input 2 in ‘right’ shifting condition. 
Table 16 shows the average percentage overshoot 
and steady state error input 2 which remains same 
in all shifting conditions. 
 
 Table 17 indicates the summary of average 
output performance for shifting membership 
function input 2. The comparison between three 
shifting condition as shown in Table 18. ‘Center’ 
shifting conditions remains the same performance. 
The ‘left’ condition displays decreasing 
performance in terms of rise time. The increasing 
performance shows in settling time. The overshoot 
and steady state error remain same performance at 
‘center’ condition. The overshoot, steady state error 
and rise time of ‘center’ condition shows same 
performance while settling time obtained the better 
performance. Average output performance of rise 
time and settling time by shifting membership 
function output as shown in Table 19. The best rise 
time and settling time when output in ‘right’ 
shifting condition than ‘center’ and ‘left’. 
Overshoot and steady state value for ‘left’ and 
‘right’ remains same while ‘center’ in not 
applicable condition as shown in Table 20. 
 
The change of each output performance in three 
different shifting conditions as shown in Table 21. 
The performance was evaluated between ‘left’ and 
‘right’ shifting condition. When the output shifting 
to the ‘center’, the rise time, settling time, 
percentage overshoot and steady state error remains 
same performance. When the output shifting to the 
‘right’ the settling time shows increasing 
performance while other parameter indicate the 
same performance as shown in Table 22. Table 23 
shows a results for shifting membership function 
input 1, input2, and output. In Table 24, the same 
performance of ‘center’ and ‘right’ for rise time. 
The ‘left’ condition shows a decreasing 
performance. The settling time of ‘left’ shows 
increasing performance, but ‘right’ condition 
shows decreasing performance, while ‘center’ 
remains same performance. The zero overshoot 
were achieved by shifting membership function of 
the ‘center’ and ‘right’ only. The steady state error 
at ‘left’ condition shows increasing performance 
than ‘center’ and ‘right’. 
 
Based on Table 25, it shows the best result 
output performance of fuzzy logic controller in 
experiment 8 that involves three shifting 
conditions. Table 26, it clearly shows the output 
performance of rise time, settling time, overshoot 
and steady state error with different type of 
controller. The fuzzy logic controller shows the fast 
rise time and settling time than mathematical 
modelling and PID. All types of control achieved 
no overshoot condition. The mathematical 
modelling show the small steady state error than 
PID and fuzzy logic controller. The output 
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response from different type of controller as shown 
in Table 27.  
 
5. CONCLUSION 
As a conclusion, the experiment shows that 
using PID controller, a zero overshoot performance 
condition is achieved. However the value of rise 
time is increased. Then, experiment on FLC was 
used as a control system in order to achieve a better 
output performance. Based on result, it clearly 
shows a fuzzy logic controller display a better 
performance, which is 0.75s faster rise time than 
PID and 0.60 differences in term of steady state 
error. The output performance of FLC in term of 
faster rise time, zero overshoot and small steady 
state error were better than PID. The mathematical 
modelling of the ROV is used by using properties 
and a coefficient of VideoRay Pro III. The output 
response of model simulation shows a smooth 
shape of the graph. The zero overshoot with faster 
rise time and the small steady state error was 
achieved. The pressure sensor that used as a 
feedback in the control system. The analog to 
digital converter able to construct by using pressure 
sensor data. The zero overshoot was able to achieve 
by using real-time PID simulation, but the 
performance of rise time and settling time were 
decreased. The steady state error maintains at 1. 
The data 11 was chosen to implement into a fuzzy 
logic controller. All real-time data shown 
observable and controllable result. However, the 
data 1 shown asymptotic unstable. The experiment 
was conducted to study the effect of real time fuzzy 
logic controller. Result show that the fuzzy logic 
controller display the best response for faster rise 
time and settling time. The zero overshoot and 
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1 296 452 0 -38.3 
2 2.58 75.4 13 1.22e03 
3 0.00471 5.99 2.72e03 0.115 
4 256 453 0 34 
10 1.9 36.1 57.4 -6.81e04 
11 0.202 4.94 0 0.719 
 
 
Table 5: Output response of real-time simulation PID controller 
Real time result Tr Ts Overshoot (%) Ess 
6.94s 11.1s 0.275 1 
 












1 6.94 11.1 0.275 1 
2 9.02 15.5 0.0000
2 
1 
3 12.3 22.1 0 1 
4 10.3 18 0 1 
 
Table 7: Simulation result of automatic tuning PID 
Tuning 
process 
Tr Diff. Tr Ts Diff. Ts %OS Diff. %OS Ess Diff. Ess 
1 6.94 NA 11.1 NA 0.275 NA 1 NA 
2 9.02 -2.080 15.5 -4.4000 0.00002 0.2749 1 0 
3 12.3 -5.3600 22.1 -11.00 0 0.2750 1 0 
4 10.3 -3.3600 18 -6.9 0 0.2750 1 0 
 
Table 8: Simulation result for change range input 1 






0-2 NA NA NA NA 0 0 NA NA NA 
0-4 NA NA NA NA 0 0 NA NA NA 
0-6 NA NA NA NA 0 0 NA NA NA 
0-8 NA NA NA NA 0 0 NA NA NA 
0-10 NA NA NA NA 0 0 NA NA NA 
 
Table 9: Simulation result for change range input 2 






0-2 NA NA NA NA 0 0 NA NA NA 
0-4 NA NA NA NA 0 0 NA NA NA 
0-6 NA NA NA NA 0 0 NA NA NA 
0-8 NA NA NA NA 0 0 NA NA NA 
0-10 NA NA NA NA 0 0 NA NA NA 
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Table 10: Simulation result for change range output 
Range Tr Diff. 
Tr 




0-2 NA NA NA NA 0 0 NA NA NA 
0-4 NA NA NA NA 0 0 NA NA NA 
0-6 NA NA NA NA 0 0 NA NA NA 
0-8 NA NA NA NA 0 0 NA NA NA 
0-10 NA NA NA NA 0 0 NA NA NA 
0-12 NA NA NA NA 0 0 NA NA NA 
0-14 0.199
0 






4.9741 -0.4108 0 0.2016 4.9974 0.9974 0 
 




1 2 2 Average 1 2 3 Average 
Center 0.2015 0.2015 0.2015 0.2015 4.9482 4.9481 4.9481 4.9481 
Left 0.2029 0.2009 0.2013 0.2017 4.9685 4.9739 4.9685 4.9664 
Right 0.2015 0.2015 0.2015 0.2015 4.9483 4.9481 4.9481 4.9482 
 
Table 12: Average percent overshoot and steady state error of input 1 
Shifting 
condition 
Overshoot (%) Max Settling Ess 
1 2 2 Average 1 2 3 Average Average 
Center 0 0 0 0 4.9992 4.9992 4.9992 4.9992 0.99 
Left 0 0 0 0 4.9979 4.9974 4.9979 4.9977 0.99 








Table 13: Summary of average output performance for input 1 
Shifting 
condition 






Center 0.2015 NA 4.9481 NA 0 NA 4.9992 0.99 NA 
Left 0.2017 -0.0002 4.9664 -0.0183 0 0 4.9977 0.99 0 
Right 0.2015 0 4.9482 -0.0002 0 0 4.9992 0.99 0 
 
Table 14: Simulation performance of input 1 
membership function 
Shifting condition Tr Ts %OS Ess 
Center     
Left     




 Same performance 
 Increasing performance 
 Decreasing performance 
 




1 2 2 Average 1 2 3 Average 
Center 0.2015 0.2015 0.2015 0.2015 4.9482 4.9481 4.9481 4.9482 
Left 0.2046 0.2015 0.2015 0.2025 4.9481 4.9481 4.9481 4.9481 
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Table 16: Average rise time and settling time of input 2 membership function 
Shifting 
condition 
Overshoot (%) Max Settling Ess 
1 2 2 Average 1 2 3 Average Average 
Center 0 0 0 0 4.9992 4.9992 4.9992 4.9992 0.99 
Left 0 0 0 0 4.9992 4.9992 4.9992 4.9992 0.99 
Right 0 0 0 0 4.9992 4.9992 4.9992 4.9992 0.99 
 
Table 17: Summary of average output performance for input 2 
Shifting 
condition 








Center 0.2015 NA 4.9482 NA 0 NA 4.9992 0.99 NA 
Left 0.2025 -0.001 4.9481 0.0001 0 0 4.9992 0.99 0 
Right 0.2015 0 4.9481 0.0001 0 0 4.9992 0.99 0 
 
Table 18: Simulation performance of input 2 
membership function 
Shifting condition Tr Ts %OS Ess 
Center     
Left     
Right     
 
Legend 
 Same performance 
 Increasing performance 
 Decreasing performance 
 




1 2 2 Average 1 2 3 Average 
Center 0.2015 0.2015 NA NA 4.9554 5.8813 NA NA 
Left 0.2015 0.2015 0.2015 0.2015 4.9253 4.9493 9.2299 6.3682 
Right 0.2015 0.2015 0.2015 0.2015 4.9664 4.9560 4.8574 4.9266 
 
Table 20: Average overshoot and steady state error of output membership function 
Shifting 
condition 
Overshoot (%) Max Settling Ess 
1 2 2 Average 1 2 3 Average Average 
Center 0 0 NA NA 4.9992 4.9992 NA NA NA 
Left 0 0 0 0 4.9992 4.9992 4.9992 4.9992 0.99 
Right 0 0 0 0 4.9992 4.9992 4.9992 4.9992 0.99 
 
Table 21: Summary of average output performance for output 
Shifting 
condition 






Center NA NA NA NA NA NA NA NA NA 
Left 0.201
5 
NA 6.3682 NA 0 NA 4.9992 0.99 NA 
Right 0.201
5 
0 4.9481 1.4201 0 0 4.9992 0.99 0 
 
Table 22: Simulation performance of output membership function 
Shifting 
condition 
Tr Ts %OS Ess 
Center     
Left     




 Same performance 
 Increasing performance 
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Center 0.2015 NA 4.9481 NA 0 NA 4.9992 0.99 NA 
Left 0.2045 -0.003 3.4590 1.4891 1.6347 -1.6347 5.0817 0.08 0.91 
Right 0.2015 0 4.9483 -0.0002 0 1.6347 4.9992 0.99 0 
 




 Same performance 
 Increasing performance 
 Decreasing performance 
Table 25: Summary result for effect of shifting membership function 
Shifting 
condition 
Tr Diff. Tr Ts Diff. Ts %OS Diff. %OS Ess Diff. 
Ess 
Input 1 (Center) 0.2015 NA 4.9481 NA 0 NA 0.99 NA 
Input 2 
(Right) 
0.2015 0 4.9481 0 0 0 0.99 0 
Output 
(Right) 
0.2015 0 4.9481 0 0 0 0.99 0 
Input 1, Input 2, 
Output (Center) 
0.2015 0 4.9481 0 0 0 0.99 0 
 
Table 26: Summary of output response for each membership function 








Input 1 ‘center’ 0.2015 4.9481 0 0.99 
Input 2 ‘right’ 0.2015 4.9481 0 0.99 
Output ‘right’ 0.2015 4.9481 0 0.99 
Input 1, input 2, output 
‘center’ 
0.2015 4.9481 0 0.99 
 
Table 27: Comparison output response with different type of controller 
Type of controller Rise time (s) Settling time (s) Overshoot (%) Steady state error 
Mathematical 
modelling 
2.1407 5.5639 0 0 
Real time PID 10.3 18 0 1 
Real time of fuzzy 
logic controller 
















     
  
 
Shifting condition Tr Ts %OS Ess 
Center     
Left     
Right     
